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Background: To evaluate biomechanical parameters of the cornea provided by Corvis ST in
patients with ocular hypertension, primary open-angle glaucoma, and amyloidotic glaucoma
and to compare with healthy controls.

Methods: This was a cross-sectional study of patients with ocular hypertension, primary
open-angle glaucoma, and amyloidotic glaucoma that underwent Corvis ST imaging.
Primary outcome was the comparison of corneal biomechanical parameters between study
groups after adjusting for age, gender, Goldmann intraocular pressure (GAT-IOP), and
prostaglandin analogues medication. Secondary outcome was the comparison of different
IOP measurements in each group.

Results: One hundred and eighty-three eyes from 115 patients were included: 61 with
primary open-angle glaucoma, 32 with amyloidotic glaucoma, 37 with ocular hypertension
and 53 were healthy controls. Amyloidotic glaucoma group had smaller radius (p=0.025),
lower deflection amplitude at highest concavity (p=0.019), and higher integrated radius
(p=0.014) than controls. Ocular hypertension group had higher stiffness parameter at first
applanation (p=0.043) than those with primary open-angle glaucoma, and higher stress—
strain index (p=0.049) than those with amyloidotic glaucoma. Biomechanically corrected
intraocular pressure was significantly lower than Goldmann intraocular pressure in group
with primary open-angle glaucoma (p=0.005) and control group (p=0.013), and Goldmann
intraocular pressure adjusted for pachymetry in group with primary open-angle glaucoma
(p=0.01).

Conclusion: Eyes with amyloidotic glaucoma have more deformable corneas, while eyes
with ocular hypertension have less deformable corneas. These findings may be linked to the
susceptibility to glaucomatous damage and progression. There were significant differences
between Goldmann applanation tonometry and biomechanically corrected intraocular ocular
pressure provided by Corvis ST.

Keywords: corneal biomechanics, ocular hypertension, glaucoma, amyloidosis, Goldmann
tonometry

Introduction

Corneal biomechanics has gained particular interest when the Ocular Response
Analyzer (ORA; Reichert Ophthalmic Instruments, Depew, New York) was
launched in the early 20" century.' Later, Corvis ST (Corneal Visualization
Scheimpflug Technology, Oculus; Wetzlar, Germany) was introduced. Both
devices are noncontact tonometers that use an air puff to applanate the cornea.

Corvis ST performs a comprehensive and detailed evaluation of the cornea
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through cross-sectional images captured by a high-speed
Scheimpflug camera during the deformation cycle, pro-
viding more data than ORA.

In glaucoma, corneal biomechanics may contribute to
elucidate the pathophysiologic mechanisms leading to axo-
nal degeneration that are still unclear and to optimize the
accuracy of intraocular pressure (IOP), the only proved
modifiable
progression.”

risk factor for glaucoma onset and

It has been speculated that biomechanical properties of
peripapillary sclera influence the damage to the optic nerve
head (ONH) in response to variations of IOP.> An exces-
sive pressure-induced deformation of the lamina cribrosa
(LC) eventually triggers the dysfunction and death of the
retinal ganglion cell axons, and it may be exacerbated
when the peripapillary sclera is more deformable.
Currently, it is challenging to assess the biomechanical
behavior of the posterior sclera and LC in vivo. The
cornea shares a similar constitution on collagen fibrils
and proteoglycan-rich extrafibrillar matrix with sclera.*
Therefore, corneal biomechanics has been regarded as an
indirect measure of scleral and LC elasticity, and some
studies have found correlations between corneal biome-
and the

progression.”® The biomechanical properties of the cornea

chanical parameters indexes of glaucoma
have been investigated with the aim of helping to char-
acterize the individual susceptibility to glaucomatous
damage.

Currently, all medical and surgical treatments aim to
lower IOP. Several types of tonometers emerged to mini-
mize the influence of corneal factors on IOP, but
Goldmann applanation tonometry (GAT) remains the
gold standard. GAT estimates the amount of force that is
required to flatten an area of the cornea with a diameter of
3.06 mm.” As such, the accuracy of IOP measured by GAT
(GAT-IOP) is affected by corneal characteristics. Central
corneal thickness (CCT) was the first parameter shown to
influence the IOP measurement.® Nowadays, beyond
pachymetry, other corneal biomechanical parameters can
be measured using ORA or Corvis ST and an IOP cor-
rected for corneal biomechanics is further provided by
both devices. To date, it has not yet been elucidated
whether the biomechanically corrected IOP (bIOP) is
more accurate than GAT-IOP and which is the role of
bIOP in clinical practice.

In this study, we evaluated the biomechanical para-
meters of the cornea provided by Corvis ST in patients
with primary open-angle glaucoma (POAG), amyloidotic

glaucoma (AG), and ocular hypertension (OHT), and com-
pared with healthy controls.

Methods

This was an observational cross-sectional study. Patients
were recruited between July and September 2020 from
ophthalmology outpatient clinic of a tertiary center,
Centro Hospitalar Universitario do Porto. The research
adhered to the principles of the Declaration of Helsinki
and its latest amendment (Brazil, 2013), and complied
with the requirements of the institute’s committee on
human research.

To be included in this study, the diagnosis made by
a glaucoma senior specialist (A.FIG, L.S., R.R. and M.J.
M.) had to match one of the group’s definition. Healthy
controls had an untreated IOP lower than 21 mmHg,
normal optic discs in fundoscopy, and no other ocular
disorders (except for senile cataract). POAG and OHT
were defined according to European
Guidelines, 4™ AG was
a secondary open-angle glaucoma affecting patients with

Glaucoma
edition.® classified as
the genetic diagnosis of hereditary transthyretin-related
amyloidosis (ATTR), and amyloid deposition along the
pupil border in the slit-lamp examination.

The exclusion criteria included age below 40 years,
high refractive errors (spherical refraction >6 diopters
and cylinder correction >3 diopters), corneal disease, con-
tact lens wear, shallow anterior chamber (Van Herick
grading <3), uncontrolled GAT-IOP (>21 mmHg), pre-
vious glaucoma or refractive surgery, any ophthalmic sur-
gery in the last 6 months, and a quality score (QS) other
than “OK” in Corvis ST.

A comprehensive ophthalmologic examination was
performed including a review of medical history, best-
corrected visual acuity (BCVA) evaluation, slit-lamp bio-
microscopy, GAT, fundoscopy, and Corvis ST, in the same
schedule. GAT-IOP was corrected for CCT (GAT-IOPadj)
based on the validated Ehler’s correction algorithm.’
BCVA registered in decimals was converted to the loga-
rithm of the minimum angle of resolution (LogMAR)
equivalent.'®

Corvis ST (software version 1.6r2015) is a noncontact
tonometer coupled with a high-speed Scheimpflug-
camera (4330 frames/sec) to record the movements of
the cornea in response to an air puff, which are then
displayed on the built-in control panel in ultra-slow
motion. The air puff forces the cornea through distinct
phases: an ingoing phase in which the cornea passes from
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its resting shape through a first applanation (Al) into
a concave shape (highest concavity, HC); an outgoing
phase, which features a second point of applanation
(A2) prior to the cornea returning to its normal resting
state. Several biomechanical parameters are recorded dur-
ing the deformation cycle. For the three main points (Al,
HC, and A2), Corvis ST calculates the time, velocity,
deformation and deflection amplitudes, and area and
length of deflection. At HC, peak distance (PD) and
radius (Rad) are additionally measured. Mathematically
derived parameters, such as deformation amplitude ratio
(DA ratio), integrated radius (1/R), stiffness parameter at
A1l (SPA1), and stress—strain index (SSI), were recently
integrated into the data output of Corvis ST. A more
deformable cornea is characterized by lower time
(A1T), smaller deflection length (A1DeflL) and higher
velocity (A1V), at Al; higher deformation (HCDA)
and deflection amplitudes (HCDeflA), and smaller PD
and Rad, at HC; smaller deflection length (A2DeflL)
and lower velocity (A2V), at A2; higher DA ratio and
1/R; lower SPA1 and SSL.''"'* The opposite is found in
stiffer and less deformable corneas. Furthermore, bIOP

1415 are pro-

and CCT (with good reproducibility results)
vided by the device.

Primary outcome was the comparison of corneal bio-
mechanical parameters provided by Corvis ST between
study groups. Secondary outcome was the comparison of
different IOP measurements, particularly GAT-IOP, GAT-
I0OPadj, and bIOP, in each group.

All statistical analyses were performed using IBM
SPSS® software, version 22.0 (SPSS, Inc, Chicago, IL).
Shapiro—Wilk test, Kolmogorov—Smirnov test and normal
probability plots were used to confirm the normal distri-
bution of the data. Differences among the study groups
were evaluated with the use of an analysis of variance
(ANOVA) model, followed by the post hoc Bonferroni
test when the findings with the ANOVA model were
significant and equal variances assumed. When equal
variances were not assumed, the significance was tested
with Welch’s t-test, followed by the post hoc Games—
Howell test. For nonparametric variables, Kruskal—
Wallis test was conducted and significant values were
adjusted with the Bonferroni correction, using Dunn post-
test. A linear mixed model was designed to assess the
status of Corvis ST parameters between different groups
adjusting for confounding variables (age, gender, GAT-
IOP, and prostaglandin analogues medication). The
patient identification number was included as a random

effect to correct for the inclusion of both eyes in some

participants. Statistical significance was defined as

p <0.05.

Results

This study included 183 eyes of 115 patients: 61 with
POAG, 32 with AG, 37 with OHT and 53 were healthy
controls.

Demographic and baseline characteristics are shown in
Table 1. Mean age was significantly lower in AG group
compared with other groups (all p<0.001). Control group
had lower mean age than POAG (p<0.001), and OHT
(p=0.001) groups. CCT was significantly higher in controls
compared with POAG (p<0.001), and AG (p=0.016)
groups. No differences were found in the number of glau-
comatous medications after excluding healthy subjects.

Primary Outcome
The mean+SD and values of the mixed linear regression
for biomechanical corneal parameters, adjusted for age,
gender, GAT-IOP, and prostaglandin analogue medication,
are shown in Tables 2—4.

Compared with controls (Table 2), AG eyes had smal-
ler radius (p=0.025), lower HCDeflA (p=0.019), and
higher 1/R (p=0.014). There was a trend for a lower SSI
(p=0.09) in AG eyes, and a higher SPA1 (p=0.07) in OHT
eyes. OHT eyes had also higher SSI (p=0.12), and lower 1/
R (p=0.33) than controls, but without reaching statistical
significance. No differences were found between POAG
eyes and healthy controls.

Compared with POAG eyes (Table 3), OHT eyes had
higher SPA1 (p=0.043), and AG eyes had higher 1/R
(p=0.010) and DA ratio (p=0.025). There was a trend for
a higher HCDeflA in AG eyes (p=0.052) compared with
POAG eyes.

Compared with AG eyes (Table 4), OHT had a lower
HCDeflA (p=0.028), 1/R (p=0.004), and DA ratio
(p=0.01), and a higher SSI (p=0.049).

These results are consistent with more deformable cor-
neas in AG eyes, and less deformable corneas in OHT
eyes.

Secondary Outcome

In this analysis, GAT-IOP, GAT-IOPadj, and bIOP were

compared. CCT and bIOP were provided by Corvis ST.
As shown in Table 1, GAT-IOP was not significantly

different between groups (p=0.171). The same was

observed for GAT-IOPadj (p=0.496), and bIOP (p=0.219).
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Table | Demographic and Baseline Characteristics of the Study Groups

Controls (n=53) | POAG (n=61) AG (n=32) OHT (n=37) p-value
Number of patients 28 35 28 24 -
Age (y) 62£10 77£10 5348 7218 p<0.001
Male (%) 43% 54% 61% 25% p=0.008
Right eye (%) 51% 51% 41% 46% NS
BCVA (logMAR) 0.08+0.14 0.15+0.22 0.12+0.17 0.08+0.12 p=0.036
CCT (um) 561+35 533+34 538+31 547128 p<0.001
GAT-IOP (mmHg) 14.0242.18 13.36+2.97 12.91£2.90 14.14£2.75 NS
GAT-IOPadj (mmHg) 13.57+3.45 14.43+3.51 13.66+3.44 14.35+3.12 NS
bIOP (mmHg) 13.22+2.38 13.00+4.71 13.68+3.53 13.43+2.56 NS
Number of glaucomatous medications - 2.15£0.93 2.40x1.41 1.84+0.80 NS
Prostaglandin analogues - 44 (72%) 19 (59%) 22 (59%) NS
B-blockers - 48 (79%) 25 (78%) 31 (84%) NS
CA-inh - 30 (49%) 20 (63%) 10 (27%) p=0.010
o agonist - 12 (20%) 14 (44%) 5 (14%) p=0.008

Note: Values are presented as means+SD or n (%).

Abbreviations: POAG, primary open-angle glaucoma; AG, amyloidotic glaucoma; OHT, ocular hypertension; y, years-old; BCVA, best-corrected visual acuity; logMAR,
logarithm of the minimum angle of resolution; CCT, corneal central thickness; GAT-IOP, intraocular pressure measured by Goldmann applanation tonometry; GAT-IOPadj,
intraocular pressure measured by Goldmann applanation tonometry and adjusted for pachymetry; bIOP, biomechanically corrected intraocular pressure; CA-inh, carbonic
anhydrase inhibitors; NS, non statically significant; mmHg, millimeters of mercury; ym, micrometers.

For each group, the differences between GAT-IOP,
GAT-IOPadj, and bIOP are demonstrated in Figure 1.
Biomechanically corrected IOP was significantly lower
than GAT-IOP in POAG group (13.00+4.71 vs 13.36
+2.97 mmHg, p=0.005), and control group (13.03+£2.36
vs 14.02+£2.18 mmHg, p=0.013). The only group in
which bIOP was higher than GAT-IOP was AG group
(13.68+£3.53 vs 12.91£2.90 mmHg), but without reaching
statistical significance (p=0.46). In addition, bIOP was
significantly lower than GAT-IOPadj in POAG group
(13.00+4.71 vs 14.434+3.51 mmHg, p=0.01).

Discussion

Corneal biomechanics has become an interesting topic in
glaucoma. The glaucoma disease has a significant preva-
lence worldwide, '® and the search for a deeper understand-
ing of glaucoma pathophysiology is ongoing. Our study
was conducted to use recently developed technology in the
evaluation of corneal biomechanical behavior in patients
with POAG, OHT and AG. AG was included in this study
because this type of secondary glaucoma is relatively

prevalent in endemic regions for ATTR, like Portugal or
Sweden, and the underlying mechanisms are very poorly
understood.

Our findings were suggestive of more deformable
corneas in AG eyes, and less deformable corneas in
OHT eyes. Noteworthy, our results were obtained after
adjusting for potential influencing factors of corneal
biomechanics, like age, gender, GAT-IOP and prosta-
glandin analogue medication.'”?° Furthermore, there
were significant differences between bIOP and GAT-
IOP, which is the gold standard method for evaluating
IOP, or GAT-IOPad;.

Many studies on corneal biomechanics in glaucoma
have suggested that POAG corneas were less deformable
than normal corneas.”’ ** A lower corneal hysteresis (CH)
obtained with ORA device was found in POAG eyes
which reflects a lower ability of the cornea to absorb and
dissipate the mechanical energy applied by a deformation
force.”! Using the Corvis ST, POAG eyes had lower
deformation  amplitude  compared with  healthy
subjects.”>?* Wang et al*? and Lee et al®> found
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Table 2 The Mean Values and Mixed Linear Model (Control Group Set as Reference) for Corvis ST Parameters Adjusted for Age,
Gender, GAT-IOP, and Prostaglandin Analogue Medication

Controls (n=53) POAG (n=61) AG (n=32) OHT (n=37)

AIT (ms)
Mean+SD 7.71£0.29 7.68+0.67 7.67+0.49 7.78+0.37
Coefficient+SE Reference 0.073+0.164 —0.078+0.153 0.142+0.162
p-value NS NS NS

ALV (m/s)
Mean+SD 0.138+0.019 0.142+0.021 0.142+0.022 0.137+0.024
Coefficient+SE Reference —0.001+0.007 0.00005+0.006 —0.007+0.007
p-value NS NS NS

AlDefIL (mm)

MeanSD 2.29+0.22 2.28+0.16 2.21£0.18 2.28+0.14
Coefficient+SE Reference —0.011+0.053 —0.049+0.050 —0.010+.052
p-value NS NS NS

PD (mm)
Mean+SD 4.77+0.31 4.87+0.48 4.85+0.47 4.74+0.32
Coefficient+SE Reference 0.112+0.138 0.161+0.128 —0.036x0.136
p-value NS NS NS

Radius (mm)
Mean+SD 6.83+1.23 6.56+0.91 6.14£0.62 6.4410.74
Coefficient+SE Reference —0.081+0.260 —0.55240.247 —0.171x0.253
p-value NS 0.025 NS
HCDA (mm)
Mean+SD 1.050.11 1.05+0.16 1.04+0.21 1.02+0.10
Coefficient+SE Reference —0.028+0.050 0.034+0.046 —0.047+0.049
p-value NS NS NS
HCDefIA (mm)

Mean+SD 0.756+0.601 0.887+0.15 0.879+0.192 0.840+0.107
Coefficient+SE Reference 0.011+0.096 0.213+0.091 —0.012+0.093
p-value NS 0.019 NS

A2T (ms)
Mean+SD 21.94+0.46 21.87+0.66 22.110.67 21.86+0.49
Coefficient+SE Reference —0.063%0.196 0.248+0.181 —0.086+0.192
p-value NS NS NS

(Continued)
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Table 2 (Continued).

Controls (n=53) POAG (n=61) AG (n=32) OHT (n=37)
A2V (m/s)
Mean+SD —0.2310.04 —0.26+0.05 —0.25+0.07 —0.25+0.03
Coefficient+SE Reference —0.013x0.015 —0.010+0.014 0.001+0.015
p-value NS NS NS
A2DefIL (mm)
Mean+SD 3.31£0.71 3.01£0.74 2.91£0.85 2.96+0.59
Coefficient+SE Reference —0.225+0.196 —0.188+0.188 —0.206%0.191
p-value NS NS NS
SSI
Mean+SD 1.244+0.174 1.308+0.232 1.119£0.324 1.322+0.187
Coefficient+SE Reference —0.014+0.081 —0.127+0.075 0.031+0.079
p-value NS 0.090 NS
SPAI
Mean+SD 110.30£22.98 109.03£19.24 108.23+£25.90 119.90£19.84
Coefficient+SE Reference 1.830+7.028 5.687+6.494 12.487+6.890
p-value NS NS 0.070
I/R
Mean+SD 8.69+0.78 9.13£1.51 9.66x1.57 8.96x1.14
Coefficient+SE Reference —0.137+0.431 0.983+0.399 —0.249+0.424
p-value NS 0.014 NS
DARatio
Mean+SD 1.62+0.57 1.56+0.05 1.55+0.09 1.55+0.06
Coefficient+SE Reference —0.125+0.152 0.225+0.141 —0.169+0.149
p-value NS NS NS

Abbreviations: POAG, primary open-angle glaucoma; AG, amyloidotic glaucoma; OHT, ocular hypertension; SD, standard deviation; SE, standard error; NS, no statistical
difference; AIT, time at first applanation; AlV, velocity at first applanation; Al DefIL, Deflection length at first applanation; PD, peak distance; HCDA, deformation amplitude
at highest concavity; HCDeflA, deflection amplitude at highest concavity; A2T, time at second applanation; A2V, velocity at second applanation; A2DefIL, deflection length
at second applanation; SSI, stress—strain index; SPAI, stiffness parameter at first applanation; I/R, integrated radius; DARatio, deformation amplitude ration; mm,
millimeters; ms, milliseconds; GAT-IOP, Intraocular pressure measured by Goldmann applanation tonometry; PG, prostaglandin analogues.

a greater A2V and PD (indicating a stiffer cornea) in
glaucomatous eyes. In contrast, Miki et al*® reported
a smaller A1T and Rad consistent with more deformable
corneas in medically controlled glaucomatous eyes and the
lack of control for confounding factors in previous studies
was pointed out as the cause for the discrepant results. In

agreement with our study, Pradhan et al*’ demonstrated

a similar corneal biomechanical profile between POAG
patients and healthy subjects. Eyes under anti-glaucoma
medication were excluded from this study. In fact, there is
evidence that prostaglandin analogues affect the corneal
biomechanical properties by activation of matrix metallo-
proteinases, resulting in a lower CH and higher deforma-

tion amplitude.'”?° In our work, as in that by Pradhan

7 6 https:

Dove!

Clinical Ophthalmology 2022:16


https://www.dovepress.com
https://www.dovepress.com

Dove

Silva et al

Table 3 Mixed Linear Model (Primary Open-Angle Glaucoma Group Set as Reference) for Corvis ST Parameters Adjusted for Age,
Gender, GAT-IOP, and Prostaglandin Analogue Medication

Controls (n=53) POAG (n=61) AG (n=32) OHT (n=37)
AIT (ms)
Coefficient+SE —0.072+0.164 Reference —0.151+0.164 0.0696+0.113
p-value NS NS NS
AlV (m/s)
Coefficient+SE 0.001+0.007 Reference 0.001+0.007 —0.006+0.005
p-value NS NS NS
AlDefIL (mm)
Coefficient+SE 0.0115+0.054 Reference —0.037+0.057 —0.037+0.057
p-value NS NS NS
PD (mm)
Coefficient+SE —0.112+0.138 Reference 0.049+0.138 —0.148+0.097
p-value NS NS NS
Radius (mm)
Coefficient+SE 0.081+0.259 Reference —0.471+0.282 —0.090+0.205
p-value NS *p=0.095 NS
HCDA (mm)
Coefficient+SE 0.028+0.050 Reference 0.062+0.050 —0.019+0.035
p-value NS NS NS
HCDeflA (mm)
Coefficient+SE —0.011£0.096 Reference 0.202+0.104 —0.023+0.076
p-value NS *p=0.052 NS
A2T (ms)
Coefficient+SE 0.063+0.196 Reference 0.311+0.198 —0.023+0.142
p-value NS NS NS
A2V (m/s)
Coefficient+SE 0.013+0.015 Reference 0.003+0.016 0.014+0.012
p-value NS NS NS
A2DeflL (mm)
Coefficient+SE 0.225+0.196 Reference 0.036+0.215 0.019+0.155
p-value NS NS NS
SSI
Coefficient+SE 0.014+0.081 Reference —0.113+0.082 0.045+0.058
p-value NS NS NS
(Continued)
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Table 3 (Continued).

Controls (n=53) POAG (n=61) AG (n=32) OHT (n=37)

SPAI
Coefficient+SE —1.83£7.02 Reference 3.857+7.173 10.657+5.277
p-value NS NS p=0.043
Coefficient+SE 0.136+0.431 Reference 1.120+0.434 —0.112+0.310
p-value NS p=0.010 NS
DARatio

Coefficient+SE 0.125+0.152 Reference 0.350+0.156 —0.044x0.115
p-value NS p=0.025 NS

Note: *NS, but a tendency to statistical significance.

Abbreviations: POAG, primary open-angle glaucoma; AG, amyloidotic glaucoma; OHT, ocular hypertension; SD, standard deviation; SE, standard error; NS, no statistical
difference; AIT, time at first applanation; A1V, velocity at first applanation; AlDeflL, deflection length at first applanation; PD, peak distance; HCDA, deformation amplitude
at highest concavity; HCDeflA, deflection amplitude at highest concavity; A2T, time at second applanation; A2V, velocity at second applanation; A2DefIL, deflection length
at second applanation; SS1, stress strain index; SPAI, stiffness parameter at first applanation; I/R, integrated radius; DARatio, deformation amplitude ration; mm, millimeters;
ms, milliseconds; GAT-IOP, Intraocular pressure measured by Goldmann applanation tonometry; PG, prostaglandin analogues.

et al,?” the effect of prostaglandin analogues in corneal
biomechanics was taken into consideration, which may
explain the similar results. Additionally, the present study
is one of the few that analyzed the novel mathematically-
derived parameters (DA ratio, 1/R, SPA1, and SSI) in
corneas of glaucoma eyes.'>*® It was proposed that these

P,>* and correlated

parameters were less dependent of 10
with corneal biomechanics (including CH).?® When these
novel parameters were assessed, POAG group did not
display a different corneal biomechanical behavior com-
pared with controls, which is in line with previous pub-
lished research.'*®

OHT has also been studied with this recent technology.
A higher CH was documented in patients with OHT as
compared to those with glaucoma.’’?? A recent study
demonstrated a higher A1DeflL and A2V, and lower A1V
compatible with stiffer corneas in OHT eyes, while we found
a higher SSI**> The differences in corneal biomechanics
between OHT eyes and those with glaucoma, either POAG
or AG, were evident in the present study. Moreover, OHT
eyes usually present a thicker CCT.*? Thus, eyes with OHT
can be less susceptible to ONH damage due to biomechanical
properties of ocular structures, including peripapillary sclera.
A thicker and stiffer peripapillary sclera can be a protective
feature of ONH damage in OHT eyes.

AG is a secondary open-angle glaucoma that develops
in patients with ATTR. Although glaucoma affects about

20% of ATTR patients,***> this disease has been little
explored in the research. For unknown reasons, the course
of AG is usually accelerated and often requires surgical
treatment.*®*” Importantly, we found thinner and more
deformable corneas in AG eyes which may represent an
increased susceptibility to ONH damage. Hence, the rapid
progression of AG may be related to the presence of
a thinner and more deformable peripapillary sclera.
Recent data suggested that more compliant corneas have
a greater risk of glaucoma progression.*® In addition, bIOP
was on average higher than GAT-IOP only in AG eyes,
which may have important clinical implications. We
hypothesize that, in this subset of patients, it may be
reasonable to measure bIOP when there is rapid progres-
sion of glaucoma despite apparently controlled IOP. It is
possible that biomechanical properties of amyloidotic eyes
are at least partially responsible for glaucoma onset and
aggressive progression.

To summarize, this study did not corroborate previous
research which demonstrated less deformable corneas in
POAG eyes compared with controls. However, OHT cor-
neas seem to be less deformable than POAG corneas, as
shown by a higher SPA1. In contrast, AG corneas seem to
be more deformable than POAG corneas, as demonstrated
by a higher 1/R and DA ratio.

In agreement with a study by Vinciguerra et al,'* bIOP
was significantly lower than GAT-IOP and GAT-IOPadj in
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Table 4 Mixed Linear Model (Amyloidotic Glaucoma Group Set as Reference) for Corvis ST Parameters Adjusted for Age, Gender,

GAT-IOP, and Prostaglandin Analogue Medication

Controls POAG AG OHT
(n=53) (n=61) (n=32) (n=37)
AIT (ms)
Coefficient+SE 0.078+0.153 0.151+0.164 Reference 0.220+0.162
p-value NS NS NS
ALV (m/s)
Coefficient+SE —0.0001+0.006 —0.001+0.007 Reference —0.007+0.007
p-value NS NS NS
AlIDefIL (mm)
Coefficient+SE 0.049+0.050 0.037+0.057 Reference 0.038+0.056
p-value NS NS NS
PD (mm)
Coefficient+SE —0.161%0.128 —0.049+0.138 Reference —0.197%0.137
p-value NS NS NS
Radius (mm)
Coefficient+SE 0.551+0.247 0.471+0.282 Reference 0.381+0.277
p-value p=0.025 *p=0.095 NS
HCDA (mm)
Coefficient+SE —0.034+0.046 —0.062+0.050 Reference —0.081+0.049
p-value NS NS *p=0.098
HCDeflA (mm)
Coefficient+SE —0.213£0.091 —0.20240.104 Reference —0.225+0.102
p-value p=0.019 *p=0.052 p=0.028
A2T (ms)
Coefficient+SE —0.248+0.181 —0.311£0.198 Reference —0.334+0.195
p-value NS NS *p=0.087
A2V (m/s)
Coefficient+SE 0.010+0.014 —0.003+0.016 Reference 0.011+0.015
p-value NS NS NS
A2DefIL (mm)
Coefficient+SE 0.188+0.188 —0.036+0.215 Reference —0.017x0.211
p-value NS NS NS
(Continued)
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Table 4 (Continued).

Controls POAG AG OHT
(n=53) (n=61) (n=32) (n=37)
SSI
Coefficient+SE 0.127+0.075 0.113+0.082 Reference 0.158+0.080
p-value *p=0.090 NS p=0.049
SPAI
Coefficient+SE —5.687+6.493 —3.857+7.173 Reference 6.800+7.066
p-value NS NS NS
I/R
Coefficient+SE —0.983+0399 —1.120+0.434 Reference —1.232+0.428
p-value p=0.014 p=0.010 p=0.004
DARatio
Coefficient+SE —0.225+0.141 —0.350+0.156 Reference —0.394+0.153
p-value NS p=0.025 p=0.01

Note: *NS, but a tendency to statistical significance.

Abbreviations: POAG, primary open-angle glaucoma; AG, amyloidotic glaucoma; OHT, ocular hypertension; SD, standard deviation; SE, standard error; NS, no statistical
difference; AIT, time at first applanation; AlV, velocity at first applanation; Al DefIL, Deflection length at first applanation; PD, peak distance; HCDA, deformation amplitude
at highest concavity; HCDeflA, deflection amplitude at highest concavity; A2T, time at second applanation; A2V, velocity at second applanation; A2DefIL, deflection length
at second applanation; SS1, stress strain index; SPAI, stiffness parameter at first applanation; I/R, integrated radius; DARatio, deformation amplitude ration; mm, millimeters;
ms, milliseconds; GAT-IOP, Intraocular pressure measured by Goldmann applanation tonometry; PG, prostaglandin analogues.

POAG patients. Likewise, GAT-IOP adjusted for CCT and
bIOP do not seem to be interchangeable. Corneal compen-
sated IOP (IOPcc) is a biomechanical parameter assessed
by the ORA device, comparable to bIOP provided by the
Corvis ST. Two studies®”* reported a higher value of
IOPcc compared with GAT-IOP. This led us to note the
disparity between the comparison of GAT-IOP with these
two types of biomechanically corrected IOP, IOPcc (ORA

device) and bIOP (Corvis ST device). Matsuura et al*'

20- .
ﬁ @ [] GAT-IOP
154 GAT-IOPadj
B biOP

IOP (mmHg)
S
1

3]
1

T T T
Controls POAG AG OHT

Figure 1 The mean values of intraocular pressure (IOP) obtained by Goldmann
applanation tonometry (GAT-IOP), GAT-IOP corrected for pachymetry (GAT-
IOPadj), and biomechanically corrected IOP (bIOP) in study groups: control
group, primary open-angle glaucoma (POAG) group, amyloidotic glaucoma (AG)
group, and ocular hypertension (OHT) group. *p<0.05.

corroborated these findings showing that bIOP is lower
than IOPcc and GAT-IOP. In intracameral studies,** ** true
IOP was usually higher than GAT-IOP, such as IOPcc, but
not bIOP. Thus, there may not be a relationship between
bIOP and true IOP. However, an ex vivo study showed no
differences between bIOP and internal manometric IOP
(0.3+£1.6 mmHg, p=0.989) in 5 ocular globes of humans.*’

This study has limitations. First, the cross-sectional
nature of our study design prevented the evaluation of
causality or prospective prediction of glaucoma risk. All
glaucoma patients were under topical treatment, and, to
minimize the effect of prostaglandin analogues in corneal
biomechanics, it was regarded as a confounding factor in
mixed linear regression. Of note, we performed
a statistical correction for the inclusion of both eyes in
some study participants. Some subjects were previously
submitted to ophthalmic surgery, but a minimal interval of
6 months was imposed by inclusion criteria to overcome
this limitation. The influence on the results is expected to
be minimal after this period.***” Afterwards, it was not
possible to assess the glaucoma severity due to unavail-
ability of automated perimetry at the time of the study.
Finally, it should be noted that the sclera and cornea differ
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on the dimensions and arrangement of collagen fibrils,
which may lead to distinct biomechanical behavior.* This
underlines the importance of in vivo methods for assessing
scleral and LC structural properties to become available.

As strengths of this study, we underline the interesting
and novel findings in the group of AG eyes. To our knowl-
edge, no other study has analyzed simultaneously so many
corneal biomechanical parameters. This comparative study
exposed the differences in biomechanical behavior of eyes
with POAG, OHT and AG, and supports the role of ocular
biomechanics in individual susceptibility to glaucomatous
damage. Therapeutic approaches aiming to modify biome-
chanical properties of peripapillary sclera have emerged,
and this kind of studies will help to establish a rationale
for them.*® Moreover, different IOP measurements pro-
vided different values, and it became evident that further
investigation is needed to support the use of IOP corrected
for corneal biomechanics.

To conclude, our results were suggestive of more
deformable corneas in AG eyes, and less deformable cor-
neas in OHT. Thus, AG eyes seem to be more susceptible
to glaucomatous damage and progression, while OHT eyes
seem to be more resistant to ONH damage. There were
significant between GAT-IOP, GAT-IOP
adjusted for CCT and bIOP. Further investigation is
needed to validate the use of bIOP.
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